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OVERVIEW  

The purpose of the study is to analyze and review the existing hydrology of the proposed 
Badger Mountain Solar Project όάǘƘŜ ǇǊƻƧŜŎǘέύ ŀƴŘ ŀƴȅ ƛƳǇŀŎǘǎ ǘƘŀǘ ǘƘŜ ƘȅŘǊƻƭƻƎȅ Ƴŀȅ Ǉƭŀȅ ƛƴ 

the design of the proposed solar array. This report was prepared to be used by the project team 
in the design and layout of the project and not intended for submittal to reviewing agencies for 
stormwater permitting.  

 
The project site is proposed on approximately 1,865 acres and is located roughly 4 miles 
northeast of East Wenatchee in Douglas County, Washington. The site is located on sloped 

terrain of generally greater than 3% sloping to the east.  The modeled watershed area 
encompasses approximately 18 square miles with the eastern portion generally sloping to the 
east and the western portion generally sloping to the west.  An additional 6.5 square miles was 

modeled to the west and northwest to account for drainage to the existing and proposed 
portions of the transmission line to the site.  This watershed primarily drains to the west.  
 

FEMA has completed a study to determine flood hazards for portions of the selected location; 
the project area does not contain FEMA Zone A or AE Flood hazards; however, the project is 
located within a FEMA Zone C. No preliminary or pending FEMA data was located that will 
affect the project area. 

 
The majority of the proposed solar facility will consist of above ground mounted solar modules.  
A meadow grass will be planted below the modules and will make up a majority of the ǎƛǘŜΩǎ 

land cover.  A small amount of impervious surface will also be added from the gravel access 
roads and electrical equipment pads, but typically only makes up approximately 3-5% of the 
total project area.  The project should be designed to minimize grading and maintain existing 

drainage patterns. 
 
The project should utilize low-impact development techniques to provide post-construction 

stormwater management.  The proposed meadow grass beneath the solar modules will act as a 
vegetated filter providing both runoff treatment and reduction when compared to existing 
conditions. 
 

The hydrologic modeling in this report was created using FLO-2D modeling software. FLO-2D 
was used to review the overall watershed drainage to and through the project to determine if 
any overland runoff causes flooding, high velocity, or scour impacts to the site.  
 

The analysis shows low water depths and low velocities (Exhibits 6 and 7) across the majority of 
the site. Higher flood depths occur in existing flowpaths on site. High velocities and scour are 

also expected in the existing flow paths on site. 
 
Based on experience with similar projects, the majority of the site is suitable for the planned 

development by avoiding or designing to areas of high flood depths.    
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DATA SOURCES 

The models and methods for this project utilize a combination of public and private data as 
shown in Table 1. 
 
Table 1:  Data Sources 

Data Type Format Source Use 

Elevation 1-meter LiDAR NOAA FLO-2D Model 
Elevations 

Crop Data Shapefile USDA 2013 Crop 

Data Layer 

Landcover 

Soils Shapefile USGS SSURGO 
Dataset 

Curve Numbers 

Precipitation PDF File NOAA Atlas 2 Design storms 

HUC-12 Drainage 
Boundary 

Shapefile USGS Define Model 
Extents 

Site Boundary Badger Mt. 
Solar_20191206.kmz 

Avangrid 
Renewables 

Define Model 
Extents 

2014 Aerial 

Photography 

ArcGIS Map Service USDA FSA Reference 
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EXISTING CONDITIONS 

The project area is located approximately 4 miles northeast of East Wenatchee in Douglas 
County, Washington. The project site is approximately 1,865 acres and is located on relatively 

sloped terrain of generally greater than 3% sloping to the east.  
 
Watershed Hydrology 

The modeled watershed for the project area encompasses approximately 18 square miles with 

the eastern portion sloping to the east and the western portion sloping to the west . The 
modeled watershed for the transmission line encompasses approximately 6.5 square miles and 
slopes primarily to the west. 
 
Onsite Conditions  

In general the slopes throughout the project area are mild with a grade of greater than 3%.  The 
project area is primarily fallow/idle cropland or used for agricultural row crops (Exhibit 4) with 
soils generally belong to Hydrologic Soil Groups B and C (Exhibit 3).  The main potential 
hydrologic issue on site is flooding and erosive velocities. 
 

FEMA Flood Zone 

FEMA has completed a study to determine flood hazards for the selected location; the project 

area is covered by FEMA Firm Panel 5300360555A. The project area is located in a FEMA Zone C 
flood area (Appendix C). A FEMA Zone C is an area of minimal flooding. No preliminary or 
pending FEMA changes are proposed within the project area.   
 

PROPOSED CONDITIONS 

The majority of the proposed solar facility will consist of above ground mounted solar modules.  
A transmission line will extend to the site.  Meadow grass will be planted below the modules 
and will make up a majority of the land cover.  A small amount of impervious surface will be 
added from the gravel access roads and electrical equipment pads.  The project should be 

designed to minimize grading and maintain existing drainage patterns.   
 

Post- Construction Stormwater Management 

The typical solar projectΩǎ low-impact development technique of converting the land cover from 
a row crop field to a meadow grass will provide post-construction stormwater management to 
meet most agency requirements.  The proposed meadow grass will act as a vegetated filter 

providing both runoff treatment and reduction when compared to existing conditions. A 
stormwater management report will be prepared summarizing the county and state 
requirements. As the project design advances the post-construction stormwater management 

should be reviewed in further detail with the County Engineer. 
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FLO-2D MODELING  

FLO-2D is a physical process model that routes rainfall runoff and flood hydrographs over flow 
surfaces or in channels using the dynamic wave approximation to the momentum equation.  

FLO-2D offers advantages over 1-D models and unit hydrograph methods by allowing for 
breakout flows and visualization of flows across a potential site.  The primary inputs are a DTM 
(elevation data), curve numbers and precipitation. Culverts were not modeled and roads were 

allowed to overtop. 
 
Because of the complex and distributary nature of flow paths upstream and through the project 

site, a FLO-2D model with 4лΩ ƎǊƛŘ ŎŜƭƭǎ ǿŀǎ ǳǘƛƭƛȊŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ Ŧƭƻǿ ŘŜǇǘƘǎ ŀƴŘ ǾŜƭƻŎƛǘƛŜǎ 
throughout the site. 
 
Elevation Data 

The elevation data input into the FLO-2D model was 1-meter DEM data from NOAA (Exhibit 5), 

which was incorporated into the DTM using the export to xyz function in Global Mapper. These 
XYZ files are read directly into FLO-2D. 
 
Watershed Soils and Land Cover 

USDA-NRCS SSURGO soil data provides soil types within the project boundary and full coverage 

of the contributing watershed. Soils in the area are primarily classified as Hydrologic Soil Groups 
B and C (Exhibit 3).  Land cover was obtained from the USDA 2013 Crop Data Layer.  Exhibit 4 
displays the land cover classes for the entire watershed. Curve numbers were applied to each 

grid cell in the FLO-2D model based on intersecting the grid with the curve numbers (Exhibit 5).  
 
Precipitation 

Precipitation data was obtained from the NOAA Atlas 2 (Appendix A) and used for the FLO-2D 
analysis for the 100-year, 24-hour storm. Using the 100-year rainfall event of 3.2 inches for this 

location allows for the best initial analysis in order to determine the worst areas of flooding and 
erosion. Rainfall is distributed in a nested distribution pattern. 
 

FLOOD ANALYSIS RESULTS 

Existing Conditions Flood Analysis 

The analysis shows low water depths and velocities (Exhibits 6 through 7B) across the majority 
of the site. During a 100-year storm, the flood depths across the majority of the project area 
are less than 0.5 feet with velocities less than 1 foot/second.  Higher flood depths and velocities 

occur in the existing flowpaths throughout the site and watershed. See Exhibits 6 through 7B 
for areas within the project with higher flood depths and velocities. In general, large scour 
depths are contained within the existing flowpaths (Exhibits 8A and 2B). 
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RECOMMENDATIONS 

Based on experience on similar projects, the bulk of the site is suitable for the planned 
development and hydrologic concerns can be addressed by either avoiding areas of high flood 

depths or through detailed engineering design.  
 
NEXT STEPS 

 

1. Final engineering design should account for the flood depths and velocities presented in 
Exhibits 6-7. 
 

2. Facilities to be elevated мΩ ŀōƻǾŜ ǘƘŜ млл-year, 24-hour peak flood elevations. 

 
3. Stormwater management should be revisited to ensure the final design meets the  local 

and state requirements. 
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INCLUDED OUTPUT FILES  

1. Shapefile of Existing Flow Depth, Project Watershed 
2020-02-21_Badger_Prelim_Flow_Depth_at_Cell.shp 

!ǘǘǊƛōǳǘŜ άL5έ Ґ DǊƛŘ /Ŝƭƭ bǳƳōŜǊ 
!ǘǘǊƛōǳǘŜ ά±!wέ Ґ aŀȄ Cƭƻǿ 5ŜǇǘƘ όCŜŜǘύ  

 

2. KMZ of Existing Flow Depth, Project Watershed 
2020-02-21_Badger_Flow_Depth_Preliminary.kmz 
Overlay in Google Earth for graphical representation. 

 
3. Shapefile of Existing Flow Depth, T-Line Watershed 

2020-08-31_Badger_TLine_Prelim_Flow_Depth_at_Cell.shp 

!ǘǘǊƛōǳǘŜ άL5έ Ґ DǊƛŘ /Ŝƭƭ bǳƳōŜǊ 
AttribuǘŜ ά±!wέ Ґ aŀȄ Cƭƻǿ 5ŜǇǘƘ όCŜŜǘύ 
 

4. KMZ of Existing Flow Depth, T-Line Watershed 
2020-08-31_Badger_Flow_Depth_TLine_Preliminary.kmz 
Overlay in Google Earth for graphical representation. 

 

5. Shapefile of Existing Velocity, Project Watershed 
2020-02-21_Badger_Prelim_Velocity_at_Cell.shp 
!ǘǘǊƛōǳǘŜ άL5έ Ґ DǊƛŘ /Ŝƭƭ bǳƳōŜǊ 

!ǘǘǊƛōǳǘŜ ά±!wέ Ґ ±ŜƭƻŎƛǘȅ όCt{ύ 
 

6. KMZ of Existing Velocity, Project Watershed 

2020-02-21_Badger_Velocity_Preliminary.kmz 
   Overlay in Google Earth for graphical representation. 
 

7. Shapefile of Existing Velocity, T-Line Watershed 
2020-08-31_Badger_TLine_Prelim_Velocity_at_Cell.shp 
!ǘǘǊƛōǳǘŜ άL5έ Ґ DǊƛŘ /Ŝƭƭ bǳƳōŜǊ 
!ǘǘǊƛōǳǘŜ ά±!wέ Ґ ±ŜƭƻŎƛǘȅ όCt{ύ 

 
8. KMZ of Existing Velocity, T-Line watershed 

2020-08-31_Badger_Velocity_TLine_Preliminary.kmz 

   Overlay in Google Earth for graphical representation. 
 

  



Preliminary Hydrology Report for Badger Mountain Solar Project 02/21/2020, Updated 
09/02/2020 

 
 

Preliminary Hydrology Report                 7                  Badger Mountain Solar Project 

 

REFERENCES 

National Engineering Handbook, Part 630 Hydrology. Chapter 9 Hydrologic Soil -Cover 
Complexes. USDA. NRCS. 210-VI-NEH, July 2004  

 
2009 PSLC Lidar: Douglas 1-meter LiDAR, Accessed February 2020, 
https://coast.noaa.gov/dataviewer/#/lidar/search/  

 
Web soil survey. Retrieved February 2020, from 
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx  

 
NOAA, & Service, N. W. AHPS Precipitation analysis. Retrieved February 2020, from  
http://water.weather.gov/precip/download.php 

 
USGS. USGS water resources: About USGS water resources. Retrieved February 2020, from 
https://water.usgs.gov/GIS/huc.html 

 
USDA 2013 Crop Data Layer, Landcover data, retrieved February 2020, from 
https://www.nass.usda.gov/Research_and_Science/Cropland/SARS1a.php 
 
 

https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
https://water.usgs.gov/GIS/huc.html


 
 

  

  

 

  

Exhibits 

 



Ch
ela

n
Do

ug
las

September 02, 2020
Exhibit 1: Location Map

© 2020 Westwood Professional Services, Inc.

±
Badger Mountain Solar Project

Douglas County, Washington

0 1
Miles

Ma
p D

oc
um

en
t: \

\w
es

tw
oo

dp
s.l

oc
al\

GF
S\

Gl
ob

al 
Pr

oje
cts

\00
25

96
5.0

0\G
IS

\H
yd

ro 
Ex

hib
its

\20
20

-08
-31

_B
ad

ge
r_E

x1
_L

oc
ati

on
Ma

p.m
xd

  T
PG

laz
a  

9/2
/20

20
  1

0:2
4:4

9 A
M

Legend
Project Boundary
FLO-2D Model Boundary
FLO-2D T-line Model Boundary

County Boundary
Proposed T-Line
Existing T-Line

CA

ID

MT

NV

OR

UT

WA

Adams

Benton

Chelan
Douglas

Ferry

Franklin

Grant

King

Kittitas

Lewis

Lincoln

Okanogan

Pierce

Skagit

Snohomish

Walla
Walla

Yakima

Washington

Data Sources:  Westwood (2020); Esri WMS
Basemap Imagery (Accessed 2020); USGS
(2020); FEMA (2020); USDA (2020)

_̂- Project Location

_̂- Project Location

_̂

_̂



Ch
ela

n
Do

ug
las

September 02, 2020
Exhibit 2: Base Map

© 2020 Westwood Professional Services, Inc.

±
Badger Mountain Solar Project

Douglas County, Washington

0 0.75
Miles

Ma
p D

oc
um

en
t: \

\w
es

tw
oo

dp
s.l

oc
al\

GF
S\

Gl
ob

al 
Pr

oje
cts

\00
25

96
5.0

0\G
IS

\H
yd

ro 
Ex

hib
its

\20
20

-08
-31

_B
ad

ge
r_E

x2
_B

as
eM

ap
.m

xd
  T

PG
laz

a  
9/2

/20
20

  1
0:2

6:4
7 A

M

Legend
Project Boundary
FLO-2D Model Boundary
FLO-2D T-line Model Boundary
County Boundary

NHD Flowline
HU-12 Boundary
Existing T-Line
Proposed T-Line

Data Sources:  Westwood (2020); Esri WMS
Basemap Imagery (Accessed 2020); USGS
(2020); FEMA (2020); USDA (2020)



Ch
ela

n
Do

ug
las

September 02, 2020
Exhibit 3: Soils Map

© 2020 Westwood Professional Services, Inc.

±
Badger Mountain Solar Project

Douglas County, Washington

0 1
Miles

Ma
p D

oc
um

en
t: \

\w
es

tw
oo

dp
s.l

oc
al\

GF
S\

Gl
ob

al 
Pr

oje
cts

\00
25

96
5.0

0\G
IS

\H
yd

ro 
Ex

hib
its

\20
20

-08
-31

_B
ad

ge
r_E

x3
_S

oil
sM

ap
.m

xd
  T

PG
laz

a  
9/2

/20
20

  1
0:2

8:3
0 A

M

Legend
Project Boundary
FLO-2D Model Boundary
FLO-2D T-line Model Boundary

County Boundary
Existing T-Line
Proposed T-Line

Hydrologic Soils Group
A
B

B/D
C
D

Data Sources:  Westwood (2020); Esri WMS
Basemap Imagery (Accessed 2020); USGS
(2020); FEMA (2020); USDA (2020)



Ch
ela

n
Do

ug
las

September 02, 2020
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Topographic Source Map
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Exhibit 6: 100-Year
Max Flood Depth Map
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